
Aug. 20, 1957 L. J. WIGGIN ET AL 2,803,711 
WARIABLE GAIN AMPLIFIERS 

Filed Feb. 4, 1954 2 Sheets-Sheet l 

add/7/oma A. 
AAAA/A/a. A Swall ova/7 s7Aces as '' 
required 

War/ABAA 
6A/W 
S7A GE 

Swamya MA/7 

A. C. A/AS 7 O 
WAA/AAA a GAW 
rube GA/os - 

A/L7a. A 

AWA e-A sawa 
7/M/WG Aora ow oa 
WE74/OAK Swamya ov7tal/7 

avl SA7/wg d.c. -? 

ComfAral 
VOA, 7A67A. 
AMPLIF/AR 

ARECT/F/ER 

Mara Queave Y 
AvataAlter 
S7A 6A5 AS 
REQUIREp 

Cowaroa. 
WoA 7tage 
AMA A/AA 

AEC7/FIEFr. 

A’zz.8 A 27.7 A 27.6 

INVENTOR. 
7th 221 

4.7%-72%-2 A77OARMAYS 

  

  

    

  

  



Aug. 20, 1957 L. J. WIGGIN ETAL 2,803,711 
VARIABLE GAIN AMPLIFIERS 

Filed Feb. 4, 1954 2 Sheets-Sheet 2 

A 27. J 

/ 8 

7O COW77r OA. 
YO 17AGA 
AMAA/A/AA 

?2.7. 4. 4. 

Z2 
7O COW7AOA. 
WOA-7AGA 
AAMALF/EAr 

ro Arectifier 

7 to Are C7F/AA AMAA/A/er 

INVENTOR, 

2.47 BY 

67. 4.7% - S. 
A77 to Ar AMAYS 
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Patented Aug. 20, 1957 United States Patent Office 

1. 

2,803,711 
VARABLE GANAMPLEERS 

Lyman J. Wiggin, Freeport, and Homer H. Elder, Little 
Neck, N. Y., assignors to Reeves Sound Studios, Inc., 
New York, N. Y., a corporation of New York 
Application February 4, 1954, Serial No. 408,070 

2 Claims. (C. 179-171) 

This invention relates to audio amplification systems 
used in radio broadcasting and reproduction, sound re 
cording and the like, and pertains particularly to a com 
ponent of such systems usually referred to as a variable 
gain amplifier, but also frequently referred to as a com 
pressor, limiter or expander. The function of such com 
ponents is to alter the dynamic range of program mate 
rial so as to reduce it before recording or broadcasting, 
or to increase it in reproducing or receiving. 
Such variable gain amplifiers, compressors, etc. are old 

and well known in the art, and their nature and uses are 
well described in the literature of the art. See for ex 
ample Radiotron Designers Handbook, edited by F. 
Langford-Smith, 4th edition, published by Wireless Press, 
1952, pages 679 to 699, and the references cited 
thereunder. 

It is an object of the present invention to improve such 
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variable gain amplifiers, and in particular to eliminate 
a considerable portion of the distortion which ordinarily 
occurs therein. 

Other objects and advantages of the invention will 
appear hereinafter. 
A preferred embodiment of the invention selected for 

purposes of illustration is shown in the accompanying 
drawings, in which, 

Figure i is a block diagram of a typical variable gain 
amplifier circuit of the prior art. 

Figure 2 is a block diagram showing the parts added 
according to the present invention in their operative 
relationship to the parts of the usual amplifier. 

Figure 3 is a circuit diagram of one form of frequency 
multiplying device. 

Figure 4 is a circuit diagram of an alternative form of 
frequency multiplying device. 

Figure 5 is a circuit diagram of another alternative 
form of frequency multiplying device. 

Figures 6, 7 and 8 are wave form diagrams as here 
inafter explained. 

Referring to Figure 1, the block diagram illustrates a 
familiar type of variable gain amplifier circuit in which 
the variable gain stage 1 receives an input signal which 
is amplified and then is usually subjected to one or more 
additional stages of amplification at 2. A small part of 
the output signal is fed to a full wave rectifier 3, prefer 
ably through a control voltage amplifier 4. The pulsat 
ing direct current output of the rectifier is then passed 
through a filter and timing network 5, and is applied as 
bias to the grid of a variable gain tube or tubes in the 
variable gain stage 1. 

Such variable gain amplifiers have been widely used, 
but they have been subject to the objection that they 
result in a certain amount of distortion, which, although 
usually tolerable, is, nevertheless, objectionable. Such 
distortion occurs primarily in the low frequency ranges, 
and is due to the fact that the efficiency of the filter 5 is 
limited by usual timing requirements which make it 
inefficient at low audio frequencies. 
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2 
According to the present invention, it is proposed to 

overcome this difficulty by multiplying the audio fre 
quencies of the input to the rectifier 3 to such extent that 
they can be handled to better advantage by the filter. 
For this purpose any suitable means 6 for multiplying a 
band of audio frequencies may be inserted in the circuit 
ahead of the rectifier 3, and preferably between the ampli 
fier 4 and the rectifier 3 as shown in Fig. 2. 

Thus, in the embodiment illustrated in Fig. 3, such 
multiplying means comprises an additional rectifier 7 
which is coupled to the rectifier 3 through a suitable 
output coupling network such as transformer 8. As 
shown in Fig. 3, the rectifier 7 is a full wave rectifier 
utilizing two diodes 9 and 10. It is coupled to amplifier 
4 through transformer 11. In the absence of the present 
improvement, the primary of transformer 11 would, of 
course, be coupled directly to the secondary of trans 
former 8. 
The effect of the rectifier 7 is to convert the alternating 

current signal to pulsating direct current in which there 
are four direct current pulses for each two alternating 
current cycles. This is illustrated diagrammatically in 
Figs. 6 and 7, in which Fig. 6 illustrates the sine curve 
wave form of the alternating current input to the rectifier 
6, and Fig. 7 illustrates the pulsing form of the rectified 
direct current, it being noted that there are four direct 
current pulses for each two alternating current cycles. 
When the pulsating direct current then passes through the 
transformer 8, it is converted to alternating current as 
illustrated diagrammatically in Fig. 8, in which, it will 
be noted, the frequency is twice that of the original 
alternating current signal. For many purposes, doubling 
of the audio frequencies as above described is entirely 
adequate for it will result in a considerable reduction in 
distortion of the audio output signal of the amplifier. If 
desired, however, additional stages of frequency multipli 
cation may be utilized. 

In the modified form illustrated in Fig. 4, the modifica 
tion consists merely in the use of a different type of output 
coupling network. Thus, the rectifier 7 is coupled to the 
rectifier 3 through a resistance-capacity coupling com 
prising resistances 12 and 13 and condenser 14. The 
operation is as previously described, with the resistance 
capacity coupling serving to convert the pulsating direct 
current output of rectifier 7 into alternating current of 
a frequency double that of the original alternating current 
signal. 

In the modified form illustrated in Fig. 5, the modifi 
cation consists in the use of a different type of rectifier, 
namely, a full wave bridge type rectifier 7. In Fig. 5, 
the rectifier 7 is coupled to rectifier 3 through a resistance 
capacity coupling as in Fig. 4, although it will be under 
stood that the transformer coupling of Fig. 3 could also 
be used. It will also be understood that rectifier 3, may, 
if desired, be a full wave bridge type rectifier. 

It will be understood that the invention may be vari 
ously modified and embodied within the Scope of the 
subjoined claims. 
We claim as our invention: 
1. In a low distortion audio frequency amplifier system 

which includes a grid controlled, variable gain amplifier 
tube and an audio frequency alternating current signal 
input therefor, and which produces an audio frequency 
alternating current output signal, the combination of a 
rectifier, a filter and timing network inherently inefficient 
at low audio frequencies, circuit connections for feeding 
a portion of the audio frequency alternating current out 
put signal through the rectifier and the filter and timing 
network to the control grid of the variable gain tube, and 
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means in the said circuit cision for multiplying the References Cited in file of this patent 
fights that is tie S.E. UNITED STATES PATENTS 
fed to the said rectifier. . . . . . . 736,884 Shoemaker et al. -------- Aug. 18, 1903 

2. A low distortion audio frequency amplifier accord- 6 2203562 Johanson ------------- June 25, 1940 
ing to claim 1, in which the frequency multiplying means 2,478,629 Hiehle ----------------- Aug. 9, 1949 
doubles the frequency. 2,611,081 Spencer --------------- Sept. 16, 1952 


